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INTRODUCTION. 


In connection with investigations to determine the best method of 
artificially drying, cleaning, and handling garlicky wheat for milling 
purposes, data were obtained to show the proper temperature at 
which wheat should be dried for milling purposes. The results cover 


both the drying of garlicky wheat and the drying of damp wheat 


that is free from garlic. The milling and baking tests of the wheat 
used in the various experiments were made by L. M. Thomas, Assist- 
ant in Charge of the United States Grain-Standardization Labora- 
tory at Agricultural College, N. Dak. 

The artificial drying of wheat facilitates the removal of the garlic 
bulblets by subsequent cleaning. It is a process that can be used to 
best advantage by mills. Experiments pertaining to the removal of 
garlic from wheat. after artificial drying were first described by 

60366°—Bull. 455—16 
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Dr. J. W. T. Duvel.t. The first step consists in reducing the mois- 
ture content of the wheat to a relatively low percentage, after which 
approximately all of the garlic can be removed by thorough cleaning. 
Although even by this process it is impossible to remove absolutely 
all of the garlic bulblets, flour commercially free from the odor of 
garlic can be manufactured if it is carefully handled. This method 
is most practicable for flour mills, in that the large amount of mois- 
ture lost in drying can be largely replaced by properly tempering 
the wheat before milling. 


THE DRYING OF DAMP WHEAT. 


A car of damp wheat containing a moisture content of 16.2 per 
cent was dried down to 12.9 per cent in a commercial drier. This 
wheat was dried for one hour at a temperature of approximately 
140° F. before being dropped into the cooling compartment of the 
drier. Representative samples of 5 bushels each were taken from 
this lot of wheat before and after drying for experimental milling 
and baking tests. 

The results of the baking tests with the straight flours made from 
these samples and from mixtures of equal portions thereof are given 


in Table I. 


TaBLe I.—Results of baking tests with flour made from natural and dried wheats 
and from a mixture of both. 


| 


91.6 95.3 


bs Score. 
Water = : : 
a ear = : absorp- | Volume |}——————————_j Remarks concern- 
Description of samples. OniGe ofloat: ibe [evs | ing crumb. 
flour. ofloaf. | crumb. | 
Ee a ee Eo ae 
| 
Per cent. Cre. : 
mviheat riatorall: eee St eee ee 56. 8 2,101 92.0 97.3 | A little gray. 
Wheat dricdiat (402 0 u. eee 56.5 2,085 91.6 95.9 Do. 
Wheat mixture, equal quantities of above. . 56. 2 2,070 Do. 


1 Average of two tests. 


Table I shows the results of the baking tests of flour made from 
the wheat before and after drying. The differences are in every case 
found to be very slight and within the range of experimental error. 
When correlated with the tests that follow, these results indicate 
that 140° F. is the proper temperature at which to dry damp wheat. 


THE DISTRIBUTION OF GARLIC. 


Wild garlic is a native of western Europe and was probably intro- 
duced into the United States early in the eighteenth century. As 


1Gariicky wheat. Jn U. S. Dept. Agr., Bur. Plant Indus. Bul. 100, p. 21-30, pl. 1-2. 
1907. 
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early as 1754 garlic was quite common in wheat in parts of Penn- 
sylvania.* 

The wild onion, or garlic (Aliiwm vineale), is found in the Atlan- 
tic coast region from Massachusetts to Georgia and as far inland 
as Missouri (fig. 1), and in a large part of that territory it is the 
worst weed pest.” 


THE AMOUNT OF MOISTURE IN GARLIC BEFORE AND AFTER 
DRYING. 


Seven different lots of garlicky wheat, aggregating about 50,000 
bushels, were followed through a commercial drier in order to note 
the effect of the different operations on the garlic in the wheat. Sev- 
eral samples of each lot of wheat were taken before going into and 
after coming out of the 
drier. The garlic was sep- 
arated from each of these 
samples and the moisture Lo 
content determined by dry- 
ing to constant weight in 
a water-bath oven. The 
maximum amount of water 
in the garlic before drying 
was 41.74 per cent and the 
minimum 25.85 per cent, + 
while the average was 37.92 Fic. 1.—Sketch map of the United States, showing 

E the distribution of the wild onion, or garlic. 

per cent. The maximum 

amount of water found in the garlic after drying was 29.73 per 
cent and the minimum 18.15 per cent, with an average of 23.41 
per cent. The average reduction in the moisture content of the 
garlic during the drying was 14.51 per cent. The average reduction 
in the moisture content of the wheat was 5.1 per cent, the average 
moisture of the wheat before drying being 13.9 per cent and after 
drying 8.8 per cent. 

A great many of the garlic bulblets from the dried wheat were 
found to contain considerable moisture after a severe drying, while 
other bulblets from the same lot were shriveled and brittle. This 
was caused in part, no doubt, by the fact that the hot air was not 
equally distributed to every particle of wheat and garlic in the drier, 
and probably also by the fact that the garlic was in different stages 
of maturity, some of the bulblets when they went into the drier con- 
taining much less moisture than others. 


coy 


v MS 
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1Pipal, F. J. Wild garlic and its eradication. Ind. Agr. Exp. Sta. Bul. 176, 438 p., 
16 fig., 8 pl. 1914. 

2See Cox, H. R., Wild onion: Methods of eradication, U. S. Dept. Agr., Farmers’ Bul. 
610, 8 p., 7 fig. 1914. 
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THE LOSS OF MOISTURE.IN GARLIC IN WARM AND IN HOT 
WHEAT. 


One lot of about 500 bushels of hot wheat was run into a bin di- 
rectly from the heating chamber of the drier without cooling, in 
_ order to note the effect of hot wheat on the garlic. The temperature 
of the air in the drier during the drying of this lot of wheat was 
180° F. Five samples of this hot wheat were placed in thermos bottles, 
and the temperature of the wheat was found to range from 140° to 
154°, with an average of 148° F. The moisture content of this dried 
wheat ranged from 8.2 per cent to 8.8 per cent, with an average of 
8.5 per cent. The moisture of the garlic taken from the drier was 
found to be 27.4 per cent. After the wheat had been in the bin for 
48 hours the temperature decreased to 114° F. and the moisture con- 
tent of the garlic was reduced from 27.4 per cent to 14.23 per cent, a 
difference of 13.17 per cent. At the end of 5 days and 22 hours 
samples were again taken, when the temperature of the wheat was 
found to be 104° F. and the moisture content of the garlic 11.04 per 
cent, a total reduction in the moisture content of the garlic of 16.36 
per cent in the time specified. 

Another lot of approximately 500 bushels was run from the drier 
after being partly cooled. The moisture content of this wheat from 
the drier was 9.1 per cent. The moisture content of the garlic taken 
from this wheat from the drier was 26.25 per cent. The moisture 
content of the garlic after being held for 70 hours in the bin was 
20.34 per cent, a reduction of 5.91 per cent. The wheat at the end 
of 70 hours was still warm, the temperature being 106° F. 

Wheat dried to a moisture content of 8 or 9 per cent will not de- 
teriorate or start fermentation if left in a bin warm. This method 
assists in removing the moisture from the garlic, which in turn makes 
the garlic lighter and more easily removed from the wheat. 


THE QUANTITY OF GARLIC BEFORE AND AFTER CLEANING. 


The average quantity of garlic in this wheat before drying was 14 
one-hundredths of 1 per cent, and the average quantity of garlic in the 
wheat from the drier was 13 one-hundredths of 1 percent. The average 
quantity of garlic in the wheat going to the rolls after a very thorough 
cleaning was 3 one-hundredths of 1 per cent, which is equivalent to 
approximately eight or ten dried garlic bulblets in each pound of 
grain. This guantity of garlic in wheat, if taken in its natural state, 
when the bulblets are hard and firm, has been found to impart a slight 
garlicky odor to the flour. Fortunately, however, the drying process 
changes the strong pungent odor of garlic to a milder one, so that it 
requires a higher percentage of dried garlic to affect the odor of the 
flour. 
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TEMPERING THE DRIED WHEAT. 


Considerable care should be taken in tempering wheat artificially 
dried to a low moisture content. Ordinarily one tempering will not 
be sufficient to bring the moisture content of the wheat back to the 
normal amount for good milling. For the best results the wheat 
should be held in the bin at least 24 hours, if not longer, after the last 
tempering, to allow the water to be more evenly distributed. If the 
wheat is handled after it is tempered and then held in the bin for sev- 
eral hours, the wet and the dry lots will be more thoroughly mixed 
and the moisture uniformly distributed, thus making a more even 
mixture at the rolls. 

The average moisture content of seven different lots of wheat going 
to the drier was 13.9 per cent and the average moisture content after 
drying was 8.8 per cent. The average moisture content of the dried 
wheat at the rolls after one tempering was 11.4 per cent, or 2.5 per 
cent below that of the natural wheat before drying. 


COMMERCIAL MILLING TEST. 


In the commercial milling experiment three cars of wheat, or ap- 
proximately 3,000 bushels, were very thoroughly mixed. This wheat 
had a small quantity of garlic in it, but under ordinary commercial 
practices it would be classified as garlic-free wheat; that is, wheat 
which after a thorough cleaning would make flour free from the 
odor of garlic. 

The moisture of the wheat going into the drier in this experiment, 
as shown in Table IT, was 13.6 per cent, and that to the bin from the 
drier 8.1 per cent. The moisture of the natural wheat at the rolls was 
13.2 per cent and of the dried wheat at the rolls after one tempering 
11.9 per cent, a difference of 1.3 per cent. 


TABLE II.—WMoisture content of natural and dried wheats, the average number 
of garlic bulblets per pound of wheat milled, the average percentage at the 
rolls, and the odor of the flour. 


— ——— 


Garlic at the rolls. 


a : Moisture 
escription ofsample. .| of wheat Odor of the flour. 
as milled.| Bulblets|_ 
per Per cent. 
pound 

Per cent. 
WNaturaliwheatonc.-. 5.22. 13.2 8.6 0.035 | Garlicky. 
Dried wheat 44222... 2.5 11.9 5.0 -019 | Natural, except 3 per cent of lowest grade. 


The dried wheat made flour 97 per cent of which was free from 
the odor of garlic, while all of the flour made from the natural wheat 
had a garlicky odor. The odor of garlic when present always is 
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more pronounced in the low-grade flours. In the foregoing test 
the flour made from the dried wheat gave only 3 per cent classed as 
garlicky, which was the lowest grade, while the flour made from 
the natural wheat was 100 per cent garlicky. The rolls receiving 
garlicky wheat, whether dried or natural, will have to be washed 
frequently, for the garlic bulblets eventually gum the rolls to such 
an extent as to give the flour the odor of garlic. 


DRYING AND MILLING TESTS OF GARLICKY WHEATS HAVING A 
HIGH, MEDIUM, AND LOW MOISTURE CONTENT. 


Table III shows the results from three different lots of wheat 
having a low, medium, and high moisture content, respectively, which 
were dried at a temperature fluctuating from 190° to 200° F. The 
low-moisture or dry wheat contained 12.7 per cent and the medium- 
dry wheat 13.9 per cent of water, while the high-moisture wheat 
contained 16.6 per cent. Each lot was dried the same length of 
time (one hour) and at the same temperature as nearly as practi- 
cable. Two bushels of wheat were taken from each lot, both be- 
fore and after drying, and a milling and baking test was made of 
each lot in order to note the effect of drying. | 

Table III also shows the results of baking tests with flour made 
from these three lots of wheat of low, medium, and high moisture 
content dried at a temperature of 190° to 200° F. 


TABLE III].—WVoisture content of wheat before and after drying for one hour at 
temperatures ranging from 190° to 200° F., and the results of baking tests of 
flour made therefrom. 


Moisture con- 


tent (per cent). Baking results (average of two tests)— 


Lot No. Score. R 
Water |,, emarks 
VY olume|—————__| concern- 
absorp- | of loaf in 
tion. *|Texture! Color of ak 
of loaf. | crumb. 5 


Before | After | Sample of flour 
drying.| drying.} from wheat— 


na Per cent exc 
p Evie | {Before drying - - 56.0} 1,885 91.2 94.2 | Creamy 
1, low moisture........-.| 12.7) 8.0 | After drying...| 56.2] 15879| 93.0 Do. 

: : Before drying - - Soya ip i 48V/ 91.7 97.7 Do 
St Seen as at peace After drying..| 584| 1856/ 900] 97.7| Do 
Aten - Before drying - . 56.0 | 2,026 95.0 96.0 Do. 
3, high moisture.......-. 16.6] 93 {alte drying... 55.9| 1,928| 93.5| 96.0| Do. 


From these data it appears that more injury is done to the flour 
by drying wheat having a high moisture content at a temperature of 
190° to 200° F. than in drying wheat with a low moisture content. 
The decrease in loaf volume of the wheat having a moisture content 
of 16.6 per cent was 98 ¢. c., or 4.83 per cent, and the decrease in the 
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loaf volume of the wheat having a moisture content of 13.9 per cent 
was 81 c. c., or 4.17 per cent. The decrease in the loaf volume of the 
wheat with a moisture content of 12.7 per cent was only 6 ¢. ¢., or 0.03 
per cent. The texture of the loaf was injured in the wheats having a 
high or a medium moisture content, but it was slightly superior in 
the low-moisture wheat. In these tests an injury was done to the 
wheats having a medium or a high moisture content (fig. 2) in the 


Fig. 2.—Loaves from natural wheat and from wheat artificially dried: A, Loaf from 
natural wheat, with a volume of 2,050 c. c. and a texture of 95; B, loaf from wheat 
dried at a temperature of 190° to 200° F., with a volume of 1,946 ¢. ec. and a texture 
of 93.5. The moisture content of the natural wheat was 16.6 per cent. 


process of drying at a temperature of 190° to 200° F., but none was 
noticed in the low-moisture wheat. 


DRYING WHEAT AT DIFFERENT TEMPERATURES. 


Table IV shows the results of tests before and after drying 6,000 
bushels of wheat, the temperature of the hot air in the drier at the 
time these tests were made, the length of time the wheat was in the 
drier, and the moisture of the wheat going into the rolls. The 
wheat was divided into four different lots of approximately 1,500 
bushels each. One lot of the natural wheat’ was milled as such, and 
the other three lots were milled after being dried at temperatures 
of 140°, 160°, and 180° F. 

Baking tests were made from the flour milled from the wheat 
dried at these different temperatures and the results are also shown 
mn Table TV. 
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TABLE LV.—Joisture content of wheat dried at different temperatures and the 
results of baking tests of flour made therefrom. 


Moisture content (per {ees 
cent). | Baking tests of flour. 
ese yee of | Bengt ARIC0- rE ey ah ere ae | Score. 
7 Before | After At IG EIEE: | Water |v olume|————_———_| Remarks con- 
drying.| drying.| rolls. | absorp- | of oat. Texturel Color of) Ceming crumb... 


racy | tion. 
of loaf. eee 


Naturals. 5222-2 [P2gBbay eesses a2 dipeas|eeo ss ae 55.9 | 2,003 94.0 | 100 | Slightly gray. 
Dried at— 
TOM oes 13:5) 10) eeBa9 12.8 13 56.2 | 2,050] 93.0} 97 | A little gray. 
1G0PA Cr 1357 [5% REA 133 13 55.9 2) 040 93. 5 97 Do. 
1SOPAT es * i3tA |S 10.5 13 55.9 | 1,933] 92.5 | 95 | Gray. 


| 
| Hours. | Percent. Che: 


J 
| ! 1 


There was not very much difference between the bread made from 
the natural wheat and that from wheat dried at 140° and 160° F. 
The bread made from the wheat dried at 180° F. was shghtly inferior 
(fig. 3). The loaf made from the natural wheat had a smaller vol- 


Fic, 3.—Loaves of bread from natural wheat, from wheat dried at 180° F., and from 
wheat dried at 140° F.: A, Bread from natural wheat, with a loaf volume of 2,008 ec. ec. 
and a texture of 100: B, bread from wheat dried at 180° F., with a loaf volume of 1,955 
ce. c. and a texture of 95; CO, bread froin wheat dried at 140° F., with a loaf volume of 
2,050 ¢c. c. and a texture of 97. 


ume than either of the loaves from the wheat dried at 140° and 160° 
F., but had a slightly better texture and color. These differences 
can easily be attributed to the nature of the test and are within the 
range of experimental error. Moreover, it is extremely difficult to 
mix 6,000 bushels of wheat (four cars in this case) in such a manner 
that samples of the flour taken during the process of milling will 
give exactly duplicate results in a baking test. The differences ob- 
tained from these three lots might have been due to actual differences 
in the samples, which are likely to be found in tests of this kind. 
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THE DRYING OF WHEAT AT 140° F. 


Three different lots of wheat were dried at a temperature of 140° F. 
and a 2-bushel sample was taken before and after drying, a mill- 
ing and baking test being made of each. The wheat was subjected 
to the heat in the drier for 1 hour and 40 minutes. The results of 
the drying and of the baking tests of these three lots of wheat before 
and after drying at approximately 140° F. are shown in Table V. 


TARLE V.—WMoisture content of wheat before and after drying for 12 hours at a 
temperature of approximately 140° F'., and the results of baking tests of flour 
made therefrom. 


Moisture | Temperature of hot Baking tests. 


content. air(s2k.): 
Score. 
Lot N 
By Pa Beil tae so Water! voL- 
fore Maxi-| Mini- | Aver-| Sample offlour| ab- Remarks con- 
dry- ume of 
dry- ing, |mum.|mum.| age. from wheat— | sorp- loat Tex- | Color |cerning crumb. 
ing. g- tion. * \tureof| of 
loaf. |erumb. 
PE Ch BIC: 
VPache iP ict F EAs = 
ee Before drying.| 59.7 | 2,097 | 89.0} 94.0] Creamy gray. 
ee EIS ego Oats 105/130, | 143 {after drying. .| 58.8 | 2)130| 91.3] 95.0| Creamy. 
: Before drying.| 58.8 | 2,027} 90.0} 92.3 | Creamy gray. 
2-------- 13.7) 9.8} 154) 132) 141 | After drying..| 59.1 | 2,143] 90.0| 95.0| Creamy. 
= f (Before drying.| 59.1 | 2,130} 90.0| 95.0 Do. 
3..-.---- Ise | Bo2)) 7 10!) 128) 141 {alter drying. .| 59.4 | 2)123| 92.0] 95.0 | Creamy gray. 


In the first two lots there was six-tenths of 1 per cent more cockle 
in the samples as milled before drying than in the sample after 
drying, and it is possible that the presence of this cockle may have 
been the cause of the slightly better results from ‘the milling and 
baking tests after drying than before drying. In the last sample 
the amount of cockle was about the same before and after drying, 
and the results with regard to texture and loaf volume are approxi- 
mately the same. 

A number of samples of this wheat were taken as it left the heater 
division of the drier, placed in thermos bottles, and the temperature 
recorded. The lowest temperature obtained was 110° and the highest 
132° F. The average temperature was 125° F. 


SUMMARY. 


The results of these investigations show practically no bad effects 
from the drying of wheat at 140° F. and indicate that this tem- 
perature is probably the most satisfactory for the drying of 
wheat, either with or without garlic, for milling purposes. More 


1 See Miller, R. C., Milling and baking tests of wheat containing admixtures of rye, corn 
ecockle, kinghead, and vetch, U. S. Dept. Agr. Bul. 328, 24 p., 10 fig. 1915. 
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extensive experiments may show that wheat can be dried at a higher 
temperature than 140° F. without having a bad effect on the flour. 
Every test except one where the wheat was dried at 180° F. and 
above gave poorer results in the baking test from the standpoint of 
loaf volume and texture than when dried at 140° F. 

If wheat is dried down to 9 per cent of moisture or below for the 
removal of garlic, great care must be taken in tempering it back to 
the normal amount of moisture. In order to restore the moisture 
content of the dried wheat to normal, which is important for good 
milling, the wheat should be tempered at least twice, and more if 
necessary. After the wheat is tempered it should be stored several 
hours before mixing or before another tempering is made, in order 
to allow the moisture to penetrate into the kernel. Several hours 
after the last tempering the wheat should be run from the bin and 
a thorough mixture made. This last process assists In mixing the 
dry and wet spots and makes a more even mixture at the rolls. 
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